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1. BACKGROUND

The objective of the proposed research is to experimentally study the effect of
strain rate on mechanical response (deformation and failure) of IM-7/977-2 carbon
fiber/epoxy matrix composites. The experimental data will provide the information
needed for the development of a nonlinear, rate dependent deformation and strength

model for this material that can subsequently be used in design.

2. EXPERIMENTAL SETUP

Tensile tests at strain rates of approximately 5x10-5, 1, and 400 s-! were
conducted. The low strain rate tests (5x10-5 and 1 s-1) were done on a hydraulic Instron
machine, and the high strain rate tests were done using the tensile split Hopkinson bar
apparatus. In tests with the Instron machine, force was measured by the load cell of the
machine, and strain was measured with strain gages cemented to the specimen. In each
test two strain gages (Measurements Group EA-06-125BZ-350) were cemented on the
specimen’s surface on opposite sides.

The tensile split Hopkinson bar apparatus, shown schematically in Fig. 1, is made
up of two 0.5 in. diameter aluminum bars. The specimen is placed (cemented) between
the bars. The specimen is loaded by a tensile wave that is generated in the incident bar
by clamping a tensile force in the end section of the bar, and then releasing the clamp.
Upon loading, part of the loading wave reflects back to the incident bar, and part
propagates on to the transmitter bar. The incident and transmitter bars remain elastic
throughout the test. In the standard technique, the history of stress and strain in the
specimen is determined from the recorded elastic waves in the bars. In this determination
it is assumed that the specimen is under a state of uniform uniaxial tension stress and
deformation. In the present research the split Hopkinson bar technique was also modified
such that strain could also be measured directly on the specimen. This was done by
attaching two strain gages on opposite sides of the specimen, as in the low rate tests.
Approximately half of the high strain rate tests were done with strain gages attached to

the specimen.






3. SPECIMENS

The specimen is a short dog-bone shape coupon cut from a plate. The coupon is
glued to two slotted cylindrical adapters. The specimen’s geometry and the adapters are
shown in Fig. 2. For use in the split Hopkinson bar the unit is cemented between the
input and output bars. For use in the hydraulic testing machine the assembly is pinned to
double universal joints which are connected to the grips of the machine. The double
universal joint connection reduces the possibility of introducing a bending moment

resulting from a possible eccentric load line in the testing machine.

4. RESULTS

Tests were conducted with specimens made of the resin material and with 90°,
10°, 459, [£45°],, IM-7/977-2 carbon fiber/epoxy laminates. Each type of specimen was tested at

strain rates of approximately 5x10-3, 1, and 400 s-l. In tests with the split Hopkinson bar
apparatus, the strain in about half of the tests was also measured with strain gages attached to the
specimen.

The tests are summarized in table 1. For each test, the stress, strain, and strain
rate (in the split Hopkinson bar tests), all as a function of time, and the stress-strain curve
for the test are given in the Appendix (in the order listed in table 1). The stress-strain
curves from all the tests for each material tested are given in Figs. 3 — 7. The results
show that the material is very sensitive to the strain rate. In all of the specimens tested

the initial modulus and the maximum stress increases with strain rate.
4.a. Use of Strain Gages in the Split Hopkison Bar Tests.

In the standard split Hopkinson bar technique the strain in the specimen is
determined from the elastic waves on the bars. The determination is based on the
assumption that the state of stress and deformation is uniform in the specimen. This

assumption is valid only when the specimen is short suach that the time for the waves to






travel through is short. The gage length of the specimens used in the present tests (Fig. 2)
is 0.375 in., which is relatively long for this technique. In addition, the rounded ends of
the specimen add to the length between the two bars. Under these circumstances it was
decided to cement strain gages to half the specimens tested with the split Hopkinson bar
apparatus and then to compare their readings with the strain obtained from the elastic
stress waves recorded on the bars. The effect of the strain gage itself on the
measurements was examined by comparing results from tests with and without strain
gages. As described in the next two sections the strain gages that were attached to the
specimens affected the response of the resin, but had no effect on the response of the

composite specimens.
4.a.1 Tests of the epoxy resin.

Data recorded in a typical test (EXP 99-4) is shown in Fig. 8. The upper three
diagrams show the wave profiles from the three strain gage stations 4, B, and C, on the
split Hopkinson bars (see Fig. 1). The bottom two diagrams show the strain measured by
the strain gages on the specimen. Using elastic wave theory, the stress and strain-rate in
the specimen are determined from the signals from the three gage stations. The strain is
obtained by integrating the strain-rate. These quantities as a function of time are shown
in Fig. 9. The figure shows that following the rise time, the strain rate is about 900 1/s,
and the strain reaches a value of 0.032 at the end of the test. In addition, this figure
shows also the strain measured by the strain gages that are attached to the specimen. The
strain experienced by the two strain gages is almost identical, which indicates that the
specimen is loaded in nearly pure tension without bending. The strain at the end of the
test is about 0.02. The slope of the strain gage strain versus time curve gives the strain
rate. Figure 9 shows that this slope is nearly a constant, with a value of 405 1/s, during
the test.

The strain rate and subsequently the strain determined from the recorded wave
profiles on the split Hopkinson bars are larger then measured directly on the specimen
be(i:ause of the geometry of the specimen. The portion that is between the bars is the

mildle section (a prism with a cross section of 0.12 in. by 0.18 in. and 0.375 in. long),






and the rounded sections in both ends. The strain rate is determined from the difference
in the velocities of the ends of the bars. The difference is due to the deformation in the
portion that is between the bars which includes the middle section (the prism) and the
rounded ends. In processing the data, however, a gage length has to be defined and
substituted in the equation. The curves in Fig. 9 are obtained by taking the gage length as
0.375 in., which is the length of the middle section. Obviously, this gives a larger strain
rate since it assumes that all the deformation between the bars including the deformation
in the rounded ends occurs only in the middle section.

Stress-strain curves from all of the split Hopkinson bar tests with the resin are
shown in Fig. 10. In this figure two curves are shown for each of the tests in which strain
gages were placed on the specimen. In one curve the strain determined by the SHB
equations was used, and in the other the average strain recorded by the strain gages on the
specimen was used. Comparison of the results from split Hopkinson bar tests with and
without strain gages on the specimen shows that specimens with the strain gages fracture
before specimens without strain gages. Examination of the fractured specimens shows
that when a strain gage is glued to the specimen, the specimen fractures at the strain gage
ends. It is possible that during the gluing process a layer of the resin underneath the
strain gage dissolved introducing a stress concentration at the boundary of the gage. The
true resin response (if the strain gage was not on) can be estimated by continuing the
stress-strain curve from the tests with the strain gages to the stress level of the tests with
specimens without strain gages. This is shown by the dashed line in Fig. 10.

The stress stress-strain curves of all the tests with the split Hopkinson bar on the
resin show oscillations in the stress. The period of the oscillations is approximately 20
us. The stress profile is obtained from the signal recorded with gage C, which is on the
transmitter bar. The oscillations are probably due to waves that travel back and forth in
the specimen. Typically, the specimen in the split Hopkinson bar test is very short (0.1
in) such that the waves in the specimen are not visible in the stress signal. In the present
tests, however, the length of the resin piece between the ends of the bars is about 1.1875
in. If the time between two peaks corresponds to the time it takes for the wave to travel a

round trip in the resin, the wave speed in the resin is:






1.1875-2

Ve =1.19x10° in/s (3 mm/ us)

The theoretical axial wave speed in a bar of elastic waves is:
Assuming;:
E=1.61x106 psi (initial slope of the high strain rate stress-strain curves, Fig. )

p=0.04736 Ib/in3  (1.31 g/em3)

1.61x10° 2
E in?
v=_|= = n ~=1.148x10° in/s (2.9 mm/us)
Yo, 1b 1 s

0.047367~ —
in° 386.088 in

The observed velocity agrees quite well with the theoretical elastic wave speed.

4.a.2 Tests of 90°, 10°, 459, [+45°],, composites.

Stress-strain curves from split hopkinson bar tests with and without strain gages
cemented on the specimens are shown for 90°, 10°, 459, [+45°], laminates in Figs 11 — 14,
respectively. The results from all the tests show a small difference between the strain

measured by the strain gages and the strain determined by the split Hopkinson bar

equations. In all the tests, however, the strain gages had no effect on the maximum

stress.






TABLE 1

OSU TESTS FOR NASA
SUMMARY OF TESTS
TEST NO. SPECIMEN’S | STRAIN RATE COMMENTS
MATERIAL (1/s)

EXP99-1 €poxy resin 980 (SHB equations) | No strain gages on specimen

EXP995-2 epoxy resin 1000 (SHB equations) | No strain gages on specimen

EXP99-3 €poxy resin 900 (SHB equations) | Strain gages on specimen

Only one strain gage record

EXP99-4 epoxy resin 405 (strain gages) Strain gages on specimen

EXP99-5 epoxy resin 356 (strain gages) Strain gages on specimen

EXP99-6 €poXy resin 365 (strain gages) Strain gages on specimen

EXP99-7 epoxy resin 5.7x10-5

EXP99-8 epoxy resin 5.7x10-3

EXP99-9 epoxy resin 6.3x10-3

EXP99-10 | epoxy resin 1.31

EXP99-11 | epoxy resin 1.31

EXP99-12 | epoxy resin 1.31

EXP00-1 90° composite 490 (strain gages) Strain gages on specimen

EXP00-2 90° composite 405 (strain gages) Strain gages on specimen

EXP00-3 90° composite 395 (strain gages) Strain gages on specimen

EXP00-4 90° composite 930 max (SHB | No strain gages on specimen
equations)

EXP00-5 90° composite 910 max (SHB | No strain gages on specimen
equations)

EXP00-6 90° composite 890 max (SHB | No strain gages on specimen
equations)

EXP00-7 9(° composite 4.44x10-5

EXP00-8 9Q° composite 2.14x10-3

EXP00-9 | 90° composite 4.52x10-

EXP00-10 0(° Composite 1.06

EXP00-11 9()° Composite 1.09

EXP00-12 9()° Composite 1.09

EXP00-13 | 45° composite 422 Strain gages on specimen

EXP00-14 | 45° composite 407 Strain gages on specimen

EXP00-15 | 45° composite 405 Strain gages on specimen

EXP00-16 | 45° composite 900 max (SHB | No strain gages on specimen
equations)

EXP00-17 | 45° composite 890 max (SHB | No strain gages on specimen
equations) ‘

EXP00-18 | 45° composite 920 max (SHB | No strain gage:s on specimen
equations)







EXP00-19 | 100 composite 228 Strain gages on specimen

EXP00-20 | jq° composite 312 Strain gages on specimen

EXP00-21 | 100 composite 274 Strain gages on specimen

EXP00-22 | 190 composite 580 (SHB equations) | No strain gages on specimen

EXP00-23 | 1¢° composite 480 (SHB equations) | No strain gages on specimen

EXP00-24 | 450 composite 4.7x10-3

EXP00-25 | 450 composite 5.1x10-3

EXP00-26 | 450 composite 4.75x10-3

EXP00-27 | 100 composite 1.4x10-5 Specimen  separated from
adapter

EXP00-28 | 10° composite 1.8x10-5

EXP00-29 | 19° composite 1.8x10-3

EXP00-30 | 45° composite 1.1

EXP00-31 | 45° composite 1.2

EXP00-32 | 45° composite 1.0

EXP00-33 | 10° composite 0.6

EXP00-34 | 10° composite 0.56

EXP00-35 | 10° composite 0.56

EXP00-36 | +_ 450 composite | 635 Strain gages on specimen

EXP00-37 | 4. 450 composite | 517 Strain gages on specimen

EXP00-38 | 4+-450 composite | 604 Strain gages on specimen

EXP00-39 | +. 450 composite | 9x10-5 Specimen  separated from
adapter

EXP00-40 | +. 450 composite 9.3x10-5

EXP00-41 | +- 45° composite | 2

EXP00-42 | +- 45° composite | 2.1
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Fig. 1: Schematic of the tensile split Hopkinson bar apparatus.
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Fig. 4 Stress strain curves for the 90° composite at different strain rates.
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Fig. 5 Stress strain curves for the 10° composite at different strain rates.
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Fig. 6 Stress strain curves for the 45° composite at different strain rates.
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Fig. 10 Resin stress-strain curves from all split Hopkinson bar tests.
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Fig. 11 Stress-strain curves for 90° laminates from all split Hopkinson bar tests.
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Fig. 13 Stress-strain curves for 45° laminates from all split Hopkinson bar tests.
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APPENDIX

For each test two plots are presented. In one the stress, strain (measured by the strain
gages when gages were attached to the specimen, and/or determined by the SHB
analysis), and strain rate (in the split Hopkinson bar tests), all as a function of time. The
other plot contains the stress-strain curve for the test.

The plots are in the order listed in Table 1.

23






20000 —r— —— 7146 3000
— 3 RESIN
Exp 99-1, Tensil lit Hopki b —
'_(9[):‘ OxspU ensile split Hopkinsonbar (.09 ) E
0.08 —
¢) 15000 |- - A
(L{J) - STRESS 0.07 — 5_ 2000 1]
- B STRAIN i e <
D 10000 0.05 < o
] 0.04 o = Z
< STRAIN RATE ‘ O+ 1000 2
= 5000 e nd
' 0.02 — -
CZ> - 0.01 — 2
0 ! T — = 0
0 50 100 150 200
TIME (us)
20000 T T T T T T T T T
e - -
'E,—) | RESIN i
O Exp 99-1, Tensile split Hopkinson bar
[ — OSsu
) 15000 -
N
m B
D: STRESS .
|_ 10000 -
7))
é J
= 5000 -
5 '
Z [ ]
0 i | 1 1 ] 1 1 1 1
0.00 0.01 0.02 0.03 0.04 005 0.06 0.07 0.08 0.09 0.10

NORMAL STRAIN



20000 T —— ———— 71848 3000
p— - RESIN
(73] Exp 99-2, Tensile split Hopkinson bar (.09 — —
& OoSsu 0.08 Q
) 15000 |- ' - .
& STRESS 0.07 — 5_ 2000 II._I_J
n: i 0.06 4 =1
- R STRAIN ] e <
) 10000 i 0.05 <_(I m
] 0.04 - = Z
STRAIN RATE -
<§( 0.03 — g— 1000 é
5000 | ’
m 0.02 — (}7)
% - 0.01 —
0 ! T 0
0 50 100 150 200
TIME (us)
20000 T T T T T T T T T
% RESIN
Q. | Exp 99-2, Tensile split Hopkinson bar |
S— osu
) 15000 | -
) ' Z
LLI .
g ]
10000 N
7p) ]
-<—|E ]
E 5000 _
S ‘
Z . ]
0 1 I ] 1 ] 1 1 1 1
0.00 0.01 0.02 0.03 004 005 006 0.07 0.08 0.09 0.10

NORMAL STRAIN

S



STRAIN RATE [1/s]

12000 T T T T £8-65— 1400
r— RESIN ]
/2] ] Exp 99-3, Tensile split Hopkinson bar _
Q. 10000 | OSY 1 1200
Sd (processed according to SHB equations) 0.04 —
((?) STRAIN RATE 1 =1 1000
L] B8ooor STRESS - §
e 0.03 7 b= 800
C'T) 6000 |- 1
STRAIN 7] 600
<_(I . 0.02 — ?;
4000 + -
s -4 24400
o’ 0.01
O 2000 . 4 200
pd .
0 1 4 . 5-660— 0
0 50 100
TIME (us)
20000 | | I T T T T T T
e o 4
X7 | RESIN
e | Exp 99-3, Tensile split Hopkinson bar
[ — | oSsu
) 15000 |- -
N i
LL] ]
Y [ ]
'U_') 10000 | -
I STRAIN FROM SHB EQUATIONS :
<_EI ]
= 5000 .
e
2 i ]
0 ] 1 ] i i ] | 1 ]
0.00 0.01 0.02 0.03 0.04 005 0.06 0.07 0.08 009 0.10

NORMAL STRAIN



12000 T T 0-85— 1400
— RESIN -
(7) Exp 99-4, Tensile split Hopkinson bar —
osu STRESS - —
Q. | 4 411200
— 10000 STRAINRATE (.04 — =~
(7)) (SHB Equations) - A
0p) B STRAIN 7 Z71000
L 8000 (SHB Equations) .-~ é- LL
Y 003 Elgo
— 6000 | 1 < <
7 1 T oo o
] I - 0.02 - 2| =
<C 4000 |- STRAIN RATEi 4051s 1 & —_—
E (slope of strain-time curve) 4 21400 é
m 2000 STRAIN, GAGES A&B 0.01 — -
O 1 H200 ¢
Z .
0 — 5 0
0o 50 100
TIME [us]
20000 I I 1 ¥ 1 | I 1 I
—— L
7)) i RESIN i
0 Exp 99-4, Tensile split Hopkinson bar
— [ osu |
) 15000 | -
7)) - ]
L STRAIN FROM STRAIN GAGES ]
o i ]
= 10000 —
n ! ]
] STRAIN FROM SHB EQUATIONS
5 5000 -
pd ]
0 1 i ] | 1 | | | 1

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

NORMAL STRAIN



STRAIN RATE [1/s]

12000 T Y Y r T T 0-65 1400
— RESIN, Exp 99-5, Tensile split Hopkinson bar -
7)) - OSU -
Q. STRESS m - 1200
[ S— 10000 - _;" 0.04
7)) STRAIN RATE 4
9p) . Z - 1000
8000 - I <
Ll STRAIN SHB EQUATIONS| 03 § .
o 1% 4800
H //,/ ] CD
) 6000 - STRAIN GAGE A - <—(l '
] 5 A/\yEK'OF A&B o002 QE: -1 600
<C 4000 - ' STRAIN GAGE B ] O]
S . Z - 400
— 0.01
0 2000 - STRAIN RATE: 356 1/s - 4 200
O (slope of strain-time curve) -
Z -
0 4 6-60 0
0 50 100
TIME [us]
20000 ] 1 1 1 1 1 I 1 I
| o | o o
7)) i RESIN i
O Exp 99-5, Tensile split Hopkinson bar
(o— | osu
) 15000 -
(7)) i
LLI I STRAIN FROM STRAIN GAGES ]
a' i ]
= 10000 ]
n ! ]
| STRAIN FROM SHB EQUATIONS ]
5 5000 =
Z ]
0 | 1 1 | ] 1 1 1 1

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

- NORMAL STRAIN



12000 T v T T 1 v B8-05 1400
— RESIN, Exp 99-6, Tensile split Hopkinson bar =
7)) - OSU . p—
o i STRESS : 4 1200

== 10000 T 0.04 Q

(dp) STRAIN RATE - =

o 8000 . =

LL STRAIN SHB EQUATIONS ] ¢ 03 e E_J

ne 177 B 800 <

= 6000 | s 1 2 T

STRAIN GAGE A ] < - 600

-] AVE. OF ASB 002 Z

<C 4000 | SRl ] O] =

2 STRAIN GAGE B _ Z 4 400 <

. A

nd 2000 1 —0.01 —

O STRAIN RATE: 365 1/s | 4200 )

Z (slope of strain-time curve) _|

O I 1 1 l 1 1 ] CGC O
0 50 100
TIME [us]
20000 T T T T T ; T T T
r— - -
7 i RESIN
o | Exp 99-6, Tensile split Hopkinson bar
 S—— | 4
) 15000 |- -
7 I -
Lu I STRAIN FROM STRAIN GAGES
nd i
— i
CD 10000 STRAIN FROM SHB EQUATIONS i
= ]
E 5000 .
Z
0 ] ] 1 1 ] ] ] 1 1

0.00 0.01 0.02 0.03 0.04 005 006 007 0.08 0.09 0.10

NORMAL STRAIN |



l L) L) ¥ I L} L] L) I L L) L) l L L) L) ,] ¥ I 0,05
D 14000 - ggaw. Exp 99-7, Static Test STRAINGAGE 4 , 's1ress]
& [ STRAINGAGEB J#/~ .
) 12000 - AVE. OF GAGESA &8/ —] 004
[ ‘ . pd
U) 10000 |+ 7] g
Ll Toos &
— 8000 | ] n
i -
7)) - ] <
] 6000 - — o002 2
< 1 o
= 4000 | STRAIN RATE: 5.7x10% 1/s 7] Z
m (slope of strain-time curve) — 001
QO 2000} ]
Z - ]
0 [ (1 i 1 1 l 1 1 i l A 1 1 | i 'l 1 l [ 000
0 200 400 600 800 1000
TIME [s]
20000 L} ¥ L 1 L) ¥ L] L) L]
r— = 4
) | RESIN i
o Exp 99-7, Static Test
— i STRAIN RATE: 6.7x10% 1/s )
- osu 1
) 15000 -
0 i
g |
= 10000 |- .
0p) ! ]
< |
E 5000 |- .
O - STRAIN FROM STRAIN GAGE B
Z i
0 1 1 ] 1 1 1 | | 1

0.00 0.01 0.02 0.03 0.04 005 0.06 0.07 0.08 0.09 0.10

NORMAL STRAIN



14000

12000

10000
8000 -
6000 -
4000

2000

NORMAL STRESS [ps

RESIN, Exp 99-8, Static Test

osu

' T T T ‘ L) ¥ L l L] L] 1 I L
STRAIN GAGE A

STRAIN GAGE B

AVERAGE OF GAGES A&B/#

y

TRESS_]

STRAIN RATE: 5.7x10% 1/s
(slope of strain-time curve)

Illllllllllllllllllll

15000

200 400 600 800

0.05

0.04

0.03

0.02

NORMAL STRAIN

0.01

0.00

10000 |-

5000 -

NORMAL STRESS [psi]

Epoxy resin

Exp 99-8, Static Test
Strain Rate: 5.7x10% 1/s
Oosu

STRAIN IS AVERAGE OF GAGES A&B

.0.01 0.02 0.03

NORMAL STRAIN

0.04



0.05

!'c:,.)" 14000 - ResIN, Exp 99-9, Static Test , .
o - Osu AVERAGE OF GAGES A & B
— 12000 }- — 0.04
7)) STRAIN GAGE B .
dp) ' i Z
Y 10000 |- STRAIN GAGE A 7 é
o0 —0.03 &
j— 8000 i Cg
(7)) - N <
) 6000 |- — 002 2
< - i O
= 4000 | STRAIN RATE: 6.3x10% 1/s 7] <
m (slope of strain-time curve) __ 0.01
O 2000 ]
Z :
0 : e el 110,00
0 200 400 600 800 1000
TIME [s]
15000 L] L 4 l T L] T L] I 1 L) L ¥ I T L] L] L) I T T T T
r— R 4
a') Epoxy resin
o L Exp 99-9, Static Test 4
—_— Strain Rate: 6.3x105 1/s
- osu 7
2 |
10000 a
g |
|_. - -
7)) - ]
— i i
< 5000 i
E STRAIN IS AVERAGE OF GAGES A&B |
2 .
0 i 1 1 i [ 1 i i | 1 1 J i | 2 i [ N
0.00 0.01 0.02 0.03 0.04 0.05

NORMAL STRAIN



0.05

TIJTltltrqrr11d I rvyrtrtr1 11717 l TI ittty 101010 l TITisvr180 38 01 l LB l,‘ l s 8 5 ¥
r—14000 |- RESIN, Exp 99-10, Static Test i
o) osu i
o i _
12000 | — 0.04
N ’
7P STRESS ] Z
10000 |-
L | - <
STRAINRATE: 1.311/s 7
- 8000 - (slope of strain-time curve) - _J
7)) ] <
_] 6000 - STRAIN GAGE A o002 =
STRAIN GAGE B . @
< i AVERAGE OF GAGES A& B - CZ)
= 4000 |- ]
o — 0.01
QO 2000} N
Z .
0 T P Y
0.00 0.01 0.02 0.03 0.04 0.05
TIME [s]
20000 T T T T T T T 1§ | T T T T T T T T T T T T T T
a : Epoxy resin i
Q. Exp 99-10, Static Test
_— i Strain Rate: 1.31 1/s i
- osu .
(/) 15000 | -
% I -
g |
— 10000 | —-
0P i l
| i )
<§E STRAIN IS AVERAGE OF GAGES A&B -
m 5000 _
pd ]
0 [l I ! l 1 I 'l L I 4 'l 'l 1 l 1 i L {‘
0.00 0.01 0.02 0.03 0.04 '0.05

NORMAL STRAIN



0.05

TJ13 01 111 l TITIV7VvVTV 08 F 1§ l L OB B SR AL L] ‘ L S0 B L B LB ] Tttt 1 10 0%
= 44000 } RESIN, Exp 99-11, Static Test ]
o) osu _
Q. i -
‘('D-‘ 12000 + STRESS — 0.04
N | - z
10000 } 7]
L) o
v ! —o0.03 £
|— 8000 - 2
dp) i STRAIN GAGE A - ;(’
STRAIN GAGE B - s
—J] 6000 - AVERAGE OF GAGES A& B 002
< 1 ¢
2 4000 1~ STRAIN RATE: 1.31 1/ :
M S
m {slope of strain-time curve) __ 0.01
O 2000} ]
Z - ’
0 L a4 - L ; N A S U A A | { 4 2 5 03 8 2 21 100033003 f 2 4 2 2141 0.00
0.00 0.01 0.02 0.03 0.04 0.05
TIME [s]
20000 L) L] L] l L] L L L] ‘ L] L) 1 L l L] L) T L) l L L | L] L
a - Epoxy resin i
o Exp 99-11, Static Test
—_— i Strain Rate: 1.31 /s )

[~ osu 7
¢/) 15000 - =
7)) - ]
g | |
= 10000 | —-
dp) | ]
| i ]
%: - STRAIN IS AVERAGE OF GAGES A&B .
DC 5000 - .
2 ]

0 3 ) T PO T | [ T Y T | P ST S T | 1 P N
0.00 0.01 0.02 0.03 0.04 0.05

NORMAL STRAIN



T V1V §F F 1T 1T ¥ l TV ¢1 1 % I Tiv14¢ 1§ 1T 107 l YTV 1 1 §F ¢ ¥ ' L S L L L "] Ty 0,05
— '
D 14000 [ ResIN, Exp 99-12, Static Test .
& - OsU STRESS -
12000 |- — 0.04
7)) 7] -
(D 10000 ] g
Ll P
v ! —0.03 E
|— 8000 i 2
7)) I STRAIN GAGE A = e
STRAIN GAGE B - =
—1 6000 AVERAGE OF GAGESA&B 002 &
<( - O
= 4000 | - z
' STRAIN RATE: 1.31 1/s — 0.01
O 2000 (slope of strain-time curve) 7
Z .
0 1 [ | l 4. 0 & 2 0 8.2 i 1 l g 0 3 k. & 2 4 4 4 l P S DA N W W A | 000
0.00 0.01 0.02 0.03 0.04 0.05
TIME [s]
20000 L] 1) T T l 1 ¥ L] L) l L] L] 1 | l T L] L] 1] I T ¥ L L)
r— - 4
a" i Epoxy resin i
Q. Exp 99-12, Static Test
—_— i Strain Rate: 1.31 1/s i
- osu T
() 15000 | .
I -
g | r
= 10000 F -
N I 1
J [ T
% STRAIN IS AVERAGE OF GAGES A&B .
m 5000 i
prd l
0 1 1 4 . 1 '} 'l 2 | A i 1 L I i L L L
0.00 0.01 0.02 0.03 0.04 0.05

NORMAL STRAIN



16000

14000

12000

10000

8000

6000

4000

2000

NORMAL STRESS [psi]

20000

L) L} T T v T 333 1400
90 deg composute
Exp 00-1, Tensile split Hopklnson bar .
osu - 4 1200
STRESS - 4
STRAIN RATE -
Z -1 1000
(SHB EQS) — 002 5 )
7 b~ 800
STRAIN SHB EQUATIONS 7] 1 -
, % - 600
.~ STRAIN GAGE A 7] o
AVE. OF A&B —4 001 O
STRAIN GAGE B _ Z - 400
STRAIN RATE: 390 1/s - - 200
(slope of strain-time curve) |
: : : . —5-66- 0
50 100
TIME (us)

15000

10000

NORMAL STRESS [psi

90 deg composite

Exp 00-1, Tensile split Hopkinson bar

STRAIN FROM STRAIN GAGES osu

STRAIN FROM SHB EQUATIONS

0.01 0.02 0.03

NORMAL STRAIN

0.04

STRAIN RATE [1/s]



16000 T T T T —1-8-83—— 1400
— 1 90 deg composﬂe
('5 Exp 00-2, Tensile split Hopkmson bar .
0> 14000 - S 41200 "o
— STRESS = ] -
() 12000 STRAIN RATE - i —
Z -1 1000
(dp)] (SHB EQS) oo S
L 10000 R Ll
' } =800
- n <C
l-U_) 8000 STRAIN SHB EQUATIONS - Y
' N <€
, < 600
— 6000 STRAIN GAGE A ] 2 Z
< AVE. OF A&B —0.01 O] <
2 STRAIN GAGE B | Z 4 400
4000 - o
o . =
O 2000 STRAIN RATE: 404 1/s - q1200 D
Z (slope of strain-time curve) | |
0 7 : —t———— 1508 0
o 50 100
TIME (us)
20000 T T T T
— o p
a i 90 deg composite
o | Exp 00-2, Tensile split Hopkinson bar
| S R s
) 15000 |- -
| i
L ; _
- STRAIN FROM SHB EQUATIONS .
E 10000 .
0p) STRAIN FROM STRAIN GAGES 1
< ]
E 5000 -
Z ]
0 1 1 ] 1
0.00 0.01 0.02 0.03 0.04 0.05

NORMAL STRAIN



16000

12000

10000

8000

6000

4000

2000

NORMAL STRESS [psi]

14000 |-

P
B

90 deg corlnposite
Exp 00-3, Tensile split Hopkinson pa'?

STRESS 7

STRAIN RATE -
(SHB EQS) o002

STRAIN SHB EQUATIONS

STRAIN GAGE A
AVE. OF A&B — 0.01
STRAIN GAGE B

STRAIN RATE: 395 1/s —
(slope of strain-time curve) N

1 ‘ '] A

1400

-1 1200

1000

NORMAL STRAIN
STRAIN RATE [1/s]

600

A

1

400

i

200

50
TIME (us)

100

20000

10000

5000

NORMAL STRESS [psi]

15000 |-

80 deg composite

Exp 00-3, Tensile split Hopkinson baE

STRAIN FROM SHB EQUATIONS

STRAIN FROM STRAIN GAGES

| | | ]

0.01 0.02 0.03 0.04

NORMAL STRAIN



16000 T T Y 603 1400
p— K 90 deg composite
'a STRESS Exp 00-4, Tensile split Hopkinson baf .
[ M— R - ~
b by
n - (SHB EQS) o0z <
LU 10000 | B LLJ
o ! ] g0
- n <C
= 8000 - STRAIN SHB EQUATIONS g
nd
2 - i < {600
—I 6000 | iy x | Z
<C I — 001 O <
S i Z 4400
= 4000 |- E
O 2000 - 4200 0
prd _ ]
0 1 lgge—1g
0 50 100
TIME (us)
20000 T T T T
p— -
(T) | 90 deg composite i
Q. i Exp 00-4, Tensile split Hopkinson bar,
- [ osu )
(/) 15000 | -
I -
L | STRAIN FROM SHB EQUATIONS
o i ]
= 10000 | .
7)) B ]
< |
2 5000 F -
2 -
Z i
0 1 1 | |
0.00 0.01 0.02 0.03 0.04 0.05

NORMAL STRAIN



16000 T T — 063 1400
r— 90 deg composite
'a i Exp 00-5, Tensile split Hopkinson bar .
o 14000 - - 1200 T,T
[V _ ~
—
- STRESS
% 12000 i z- 1000 —
—0.02 < i
LL! 10000 - STRAIN RATE = é -
4 - (SHB EQS) i o | 800 <
= so00 | = e
2 - i < {600
- | 1 o Z
6000 =
< T STRAIN SHB EQUATIONS -1 0.01 CZD_ 400 <
E% 4000 [ ] d
- - =
O 2000} - 4200 €N
Z 5 i ]
0 —_ 1508 0
0 50 100
TIME (us)
20000 T T T T
r— -
C-/_) i 90 deg composite 1
O I EXP 00-5, Tensile split Hopkinson ba
| S| i -
) 15000 |- .
7 I -
LU STRAIN FROM SHB EQUATIONS i
E .
10000 -
7))
<
2 5000 F -
e : .
Z i
0 i 1 1 1
0.00 0.01 0.02 0.03 0.04 0.05

NORMAL STRAIN



16000 v T . T — v —0-83 1400
_ 90 deg composite

5—(_;- Exp 00-6, Tensile split Hopkinson bar]
7] -—
STRESS [
% 12000 i h Z -] 1000
—0.02 < | L
LI 10000 STRAIN RATE - é —
E - (SHB EQS) ] k800 <
oy 8o i 21 . x
— 6000 . 2 Z
< - STRAIN SHB EQUATIONS — 001 g_ a0 <
E 4000 7 ID—:
O 2000 . 1200 D
Z i
0 ' 6-66 0
0 50 100
TIME (us)
20000 ] T T T
%I : 90 deg composite 1
o EXP 00-6, Tensile split Hopkinson ba
R I osu ]
D 15000 | STRAIN FROM SHB EQUATIONS -
0p) T
LLi
o
10000 -
7))
é .
E 5000 _
5 ’
Z I
0 ] 1 | 1
0.00 0.01 0.02 0.03 0.04 0.05

NORMAL STRAIN



0.03

T oerrrnrriT l T1T T8 1T 1T 17010 I T 111 1 1 0 8 1 l T T rFryrrruorw l T T rTuoeoruory
(_5 14000 - 90 deg composite B
(@} EXPQO-7, Static Test -
— 2000 | O 1
%) i STRESS, ] o
10000 ~~—0.02
Ll h P R
4 -
— 8000 - - w
(f) i -
STRAIN GAGEA <§’:
—J 6000 STRAIN GAGEB -~ 7 o
< : - — 001 O
= 4000 - <
'd -
O 2000 STRAIN RATE: 4.44x105 1/s ]
Z (slope of strain-time curve)
0l b b s Lo 0.00
0 100 200 300 400 500
TIME [s]
20000 T T T L] | T T T | T T T L] T T T T T T T T T
— - s
(T) i 90 deg composite i
O Exp 00-7, Static Test
— i oSsu 1
(/) 15000 |- =
»n -
Y| r
= 10000 | .
7p ! ]
< | ]
= 5000 - .
% STRAIN IS AVERAGE OF GAGES A&B
Z [ ]
0 i | A 'l l ] 5 1 ] l 'l i A ] l ] e Nl L l L A i
0.00 0.01 0.02 0.03 0.04 0.05

NORMAL STRAIN



IIIII‘IlI]Illl'lllllllllIIIIIIIIIlI|lll'Ill'lIlIl
k%) 14000 = 90 deg composite STRAIN RATE: 2.14x105 1/s |
o B EXP00-8, Static Test (slope of strain-time curve)
“— 12000 | OV -
2 oo -
10000 - 0.02
LL] _ 1
e
I__ 8000 |- STRESS 7
0p) .
—J] 6000 [ -1
< i STRANGAGEA 0.0
= 4000 | - i
m STRAIN GAGEB
O 2000 .
prd ..
0»/ ||||| lllllllllll]llllllllllllllllljllllllllll 000
-0 100 200 300 400 500
TIME [s]
1 5000 T L] T T T T T T T T L] T T T T T T ¥ T T T T T T
pu— 5
(7p] Epoxy resin
o [ Exp 99-8, Static Test
— . Strain Rate: 5.7x105 1/s
(D i osu
95
10000 - -
x|
P b
7p i
J i
< 5000 -
E STRAIN 1S AVERAGE OF GAGES A&B
Z
0 i 'l L L ' 1 i i '] l A L i L l L i i L
0.00 0.01 0.02 0.03 0.04

0.03

NORMAL STRAIN

NORMAL STRAIN



——r——— 7 " 1 T 0.05

r— ‘
‘D 14000 |- ResIN, Exp 99-9, Static Test .
o osu AVERAGE OF GAGES A & B
12000 |- — 0.04
7)) STRAIN GAGE B -
7)) i Z
Ll 10000 |- STRAIN GAGE A 7 é
o —{0.03 =
- 8000 ] c_/)_I
7p) i <§t
_] 6000 —002 g
< 1 o
2 4000 - STRAIN RATE: 6.3x10°1/s | z
m | (slope of strain-time curve) _: 0.01
QO 2000} i
P - .

0 e L 1 1000

0 200 400 600 800 1000
TIME [s]

15000 T L] T L] 1 T T L] T T T T T T 1 T L] T T T L] T T L]
— R .
C-f_) Epoxy resin
O - Exp 99-9, Static Test 4
—_— Strain Rate: 6.3x10° 1/s

i osu iy
7)) i ]
0p)

10000 i
2 |
|_ - 4
7)) - ]
- i )}
< 5000 i
2 STRAIN IS AVERAGE OF GAGES A&B
Z .

O Il A A | i 1 L 1 l Il ' L )l l ] A L Il
0.00 0.01 0.02 0.03 0.04 0.05

NORMAL STRAIN



NORMAL STRAIN

L] T T T 1 | L 1 T L] I T L) L) 1] 1 1] L] 1 L] I L] T L] ¥ T T 1 T 1 _ 0.03
*—"14000 |- 90 deg composite, Static Test H
72} | Exp00-10 7
Qo osu N
12000 - sTRAIN RATE: 1.06 /s ]
(D L (slope of strain-time curve) -
cujj 10000 - — 0.02
- STRESS —
d 2
- 8000 |- .
7)) - .
_] 6000 | STRAINGAGEA
STRAIN GAGE B -
< 3 — 0.01
= 4000 - .
' - .
QO 2000} -
z | - :
O A /1 1 L 1 i 1 | U 1 1 I i [ | [l L [ | 1 1 5. 1 i n 000
0.00 0.01 0.02 0.03
TIME [s]
20000 Ll L] T L] ] L] L] L | L] I L] L] L] L] I T L] L] L l L] ) T L]
(-I-) : 90 deg composite
o Exp 00-10, Static Test
_— i Strain Rate: 1.06 1/s
i osu
) 15000 | -
7)) i
v |
= 10000 -
7))
|
% STRAIN IS AVERAGE OF GAGES A&B
m 5000 -
prd

0.00 0.01 0.02 0.03 0.04 0.05

NORMAL STRAIN



L) L} L) 1] T L] T L] L) l L L) 1 L] L 1 L] L] L I Ll 1 L] L) L] L) L] ¥ L | 0,03
%‘ 14000 | 90 deg composite, Static Test B
I Exp 00-11 ]
= 12000 onn |
STRAIN RATE: 1.09 1/s -
CO - (slope of strain-time curve) ~ >
& 10000 | —: 0.02 E
STRESS —
d 2 [
|— 8000 - . 2
~ —
N - . <§(
—1 6000 - . STRAIN GAGE A ] v
< I " AVERAGE OF GAGES A& B —] 0.01 (23
= 4000 | STRAIN GAGE B .
e - ]
QO 2000} -
z | :
O A/ ) '/1 2 a1 1 [ | i 1 a1 g L i O I | L1 1 000
0.00 ' 0.01 0.02 0.03
TIME [s]

20000 L) L] L) L I ] L] 1) L l 1 L] Ll L] I T L) L] L) l k3 L) T T
p— - o
(",') i 90 deg composite i

Q. i Exp 00-11, Static Test ]
i Strain Rate: 1.09 1/s
) 15000 [ o0 ‘
Ot ]
g ;
= 10000 i
7)) ]
% STRAIN IS AVERAGE OF GAGES A&B N
D: 5000 .
Z ]
0 PO S T U T R V. | | T W Y VAT GEN A VY G SR
0.00 0.01 0.02 0.03 0.04 0.05

NORMAL STRAIN



0.03

L] T L) L] L) T L) T L) I ¥ 1 L) L] T ¥ L) L) 1 ' 1 T L) 1 Ll LS L s L)
"—"14000 | 90 deg composite, Static Test .
n i EXP 00-12 J
_C}l osu A
12000 - sTRAIN RATE: 1.09 1/s ]
U) 3 (slope of strain-time curve) - >
(I.IIJ) 10000 | — 0.02 5
o I STRESS . o
— 8000 - 1 o
= .
7)) - ) . <§(
—1 6000 ///STRAIN GAGE A n o
<C I AVERAGE OF GAGES A& B —] 0.01 (23
= 4000 STRAIN GAGE B .
14 .
O 2000 -
P4
0 b g g0
0.00 0.01 0.02 0.03
TIME [s]
20000 T T T T T T T T T T T T T T T T T T T T T T T
!E : 90 deg composite i
ol EXP 00-12, Static Test
— ] Strain Rate: 1.09 1/s 1
- osu 1
) 15000 | -
/p) i ]
LLl I ]
e ]
= 10000 -
0p) !
J :
< STRAIN IS AVERAGE OF GAGES A&B 1
E 5000 .
Z ]
0 A )l It y ] l )l )3 'l 1 l 'l Fe 1 i ' Il 1 2 i
0.00 0.01 0.02 0.03 0.04 0.05

NORMAL STRAIN



STRAIN RATE [1/g]

22000 ¥ A\l ) T ¥ L] Ll I G% 1400
p— S 45 deg composite
.CT) 20000 | Exp 00-13, Tensile split Hopkinson b3r
o N - 1200
(',_') 18000 - STRESS , = ]
16000 |- STRAIN RATE - ]
7)) I (SHB EQS) oo 2 1000
LLI 14000 [ -
0 [ ] = 800
12000 - w
— ! STRAIN SHB EQUATIONS "y
) 10000 - o ] < 600
— 8000 | 7" STRAIN GAGE A N od
< [ AVE. OF A&B —0.01 O]
2 6000 } STRAIN GAGE B _ Z 4 400
m 4000 | 7]
O - STRAIN RATE: 422 1/s - -1 200
Z 2000 (slope of strain-time curve) | i
O - ’ 1 L i 1 L 1 1 c% 0
o 7 50 100
TIME (us)
20000 L L] L] Ll l L] L) L] L I L] L] T ¥ I L] L) L] L] l L] Ll L L]
— -
' F) | 45 deg composite
o Exp 00-13, Tensile split Hopkinson bar
[ S
i STRAIN FROM SHB EQUATIONS
) 15000 |- -
7)) i
LL I
nd STRAIN FROM STRAIN GAGES
= 10000 -
N
<
DE: 5000 -
Z
0 1 i 1 1 1 1 1 1 1 i L 4 | I i i 1 1 1 i I A
0.00 0.01 0.02 0.03 0{.04 0.05

NORMAL STRAIN



P
%

22000 Y Y T T 1400
— - 45 deg composite ]
) 20000 + Exp 00-14, Tensile split Hopkinson bar T
£ 15000 L STRESS ] - 1200
7p) I | ’
() 16000 STRAINRATE . 002 21 1000
(SHB EQS) o —10. .
&_I 14000 — | é
- 800
j— 12000 - STRAIN SHB EQUATIONS - @
(il) 10000 | ] < | 600
< o ) g AvSETZA;-“IT\g; oEA — 001 E]z): ‘
- /- : 44
E 6000 STRAIN GAGE B B 00
ﬂ: 4000 N
O - STRAIN RATE: 407 1/s 4 200
Z 2000 (slope of strain-time curve) _
0 . £-06 0
0 50 100
TIME (ps)
20000 I 1 Ll T 1 l L] 1 1 L] ' L) L 1 l L) € L]
rm— 2
CT) I 45 deg composite
o i Exp 00-14, Tensile split Hopkinson bar
| S i
) 15000 |- STRAIN FROM SHB EQUATIONS
& STRAIN FROM STRAIN GAGES
= 10000
n
<
E 5000
Z
0 l L L i L l ' b 3 A A I A L i I A L A
0.00 0.01 0.02 0.03 0.04

NORMAL STRAIN

STRAIN RATE [1/s]



22000 ¥ \J v A ] L] L L] 33\3 1400
= 20000 - 45 deg composite . J
— Exp 00-15,
g)_) - STRESS Tensile split Hopkinson bar . 41200 "o
—i 18000 _ ~
) N B -
U) 16000 [ STRAIN RATE Z - 1000
LL] 14000 | (SHB EQS) — 0.02 é ] L
0 o000 [ _ £ 7 800 >
- I STRAIN SHB EQUATIONS . iy <
) 10000 | . < A
_j - i E = 600 Z
< 8000 - N STRAIN GAGE A 1001 01 —
i AVE. OF A&B T2z <
= 6000 . 400
I STRAIN GAGE B o0
X 4000 . —
O - STRAIN RATE: 405 1/s - 4200 Q)
z 2000 (slope of strain-time curve) |
0 1 L . —16-06 0
0 50 100
TIME (us)
L] L) L] L) l T L] L] ] | L] T L) L] | L) LS L) ¥ l L] T L L)
e B
by - 45 deg composite .
8 20000 R Exp 00-15, Tensile split Hopkinson bar J
| S o -
)] [ STRAIN FROM SHB EQUATIONS )
) 15000 | =
H‘J i STRAIN FROM STRAIN GAGES ]
— ]
) 10000 ]
z i
E 5000 i
Z ]
0 A A l 2 2 L L l e A i 'l l Il 1 L 'l I A L 1 A
0.00 0.01 0.02 0.03 0.04 0.05

NORMAL STRAIN



22000 T v . T T 8-63 1400
r— L 45 deg composnte A
(T) 20000 F Exp 00-16, Tensile split Hopkinson b
i . 41200 "o’
= 18000 |- ~
B A wan
STRESS
%) 16000 - T z41000
L 14000 | —0.02 S L
m L STRAIN RATE — = |_.
— 12000 |- (SHB EQS) i tn ] 800 <
b _j =
) 10000 |- . < | 600 o
-1 [ . o pd
< 8000 ] =
i STRAIN SHB EQUATIONS =001 Q <L
= 6000 - 4 Z {400 X
@ 4000 7 ] -
O | - 4200 ()
= 2000 -
0 1 'l i | i i i C‘CC 0
0 50 100
TIME (us)
1 L] L] L I T L] L) 1 l T L) L] 1 —[ L | L] T L] I ] L] L) T
l— B
Py L 45 deg composite ]
24 20000 N EXP 00-16, Tensile split Hopkinson bar
Q. [ osu 1
7)) I STRAIN FROM SHB EQUATIONS -
) 15000 | T
v |
— : -
) 10000 |
< |
DEC 5000 ]
Z A
0 L 'l A A l A L i i l 'l ' A i l A Il L A l A A A A
0.00 0.01 0.02 0.03 0.04 0.05

NORMAL STRAIN



STRAIN RATE [1/s]

22000 — T 1400
!520000 = 45 deg composite ]
o | Exp 00-17, Tensile split Hopkinson bar _| 4 1200
—i 18000 |- — i
% 16000 _— STRESS = Z- 1000
LLl 14000 | STRAIN RATE 71002 T 1
- (SHB EQS) 7 i
E 12000 | _ & 7 800
_l -
) 10000 | . <
O | = 600
8000 |- J
%: so00 | STRAIN SHB EQUATIONS —_ 0.0 CZ)- 400
X s000f . ]
o I _ 4 200
= 2000 | |
0 1 1 1 ] 1 1 L COC 0
0 50 100
TIME (us)
L) L) L] T l L} L L § L) I T L] L L] l L L T I L) L] T L)
Py [ 45 deg composite )
¢y 20000 | EXP 00-17, Tensile split Hopkinson bar )
Q. [ osu
(D : STRAIN FROM SHB EQUATIONS -
) 15000 F T
r o "
= | ]
) 10000 ]
= ]
E 5000 | i}
Z I
0 A 1 i A 1 ' i i n | i i i1 1 1 A i 1 | i i 1 i
0.00 0.01 0.02 0.03 0.04 0.05

NORMAL STRAIN



22000 T T T 5-03 1400
e 20000 + 45 deg composite - .
n i EXP 00-18, Tensile split Hopkinson bar _| 4 1200
—i 18000 - i ]
c(g 16000 :' STRESS 1 Z_ 1000
LLI 14000 - STRAIN RATE —]002 5 1
(SHB EQS) 7] - _
g 12000 | _ v 800
_l -
g 10000 - ] < {600
8000 |- o
<C - STRAIN SHB EQUATIONS —0.01 O
= 6000} . < 4400
0 4000 ] ]
O A - - 200
Z 2000 | _
0 1 1 A | n 1 A GGG 0
0 50 100
TIME (ps)
L] I T L] L} L 4 ‘ L] 1 1 1 ' L] L] T L] l L] L] L] L]
Py | 45 deg composite ]
8 20000 N EXP 00-18, Tensile split Hopkinson bar |
— | osu ]
(@p) [ STRAIN FROM SHB EQUATIONS .
D 15000 | )
¥ | -
= -
) 10000 |- ]
< | ‘
E 5000 ]
Z [ )
0 A l Il A i Il l L 1 'l i ‘ Il L 'l L l 'l 1 A Il
0.00 0.01 0.02 0.03 0.04

NORMAL STRAIN

STRAIN RATE [1/s]

—



80000 ———————————————————————T6:82—— 1400
p— " 10 deg composite - i
Exp 00-19, —
870000 - Tensile spiit Hopkinson bar 41200 "oy’
Sd u ~——
—
60000 | =
% i z-1000
LU s0000 F 1 2 LIE
e STRAIN SHBEQUATIONS | k= 800 <
= 40000 F — 0.01 - 1 %
n STRAIN RATE i <
] _ (SHB EQS) A =S -1 600 =
30000 | - i o | <
< STRAIN GAGE A - %_ 400 <
2 20000 F AVE. OF A&B - Y
' s STRAIN GAGE B - —
O 10000 f STRAIN RATE: 228 1/s ] 4200 ()
Z s (slope of strain-time curve)
ok ! : ' 6-60 0
0 - 50 100
TIME (us)
80000 N 1 L] L] ¥ 4 L] L4 v B
-U—J N STRAIN FROM SHB EQUATIONS ]
& 70000 F .
/) 60000 [ STRAIN FROM STRAIN GAGES s
0p) - .
% 50000 3
= 40000 F -
7)) ' ]
— 30000 F 10 deg composite . 3
< i Exp 00-19, Tensile split Hopkinson bar]
E 20000 .
O 10000 3
Z
O | 1 | 1

0.00 0.01 0.02 0.03 0.04 0.05

NORMAL STRAIN



STRAIN RATE [1/s]

80000 - T Y T T T T T —-6.62 1400
— [ 10 deg composite - i
/s - Exp 00-20, . -
o 70000 - STRESS Tensile split Hopkinson bar ~ _| - 1200
Rd B

60000 F - 1
g : i = - 1000
L 50000 F STRAIN SHB EQUATIONS 7 é 1
e - STRAIN'RATE i b5 800
= 40000 | (SHB EQS) — 001 1
» : 1 Se00
— 30000 F STRAIN GAGE A . o
< i f  AVE. OF A3B n O]
S L0000 b STRAIN GAGE B - Z 4 400
14 : - 1
O 10000 E STRAINRATE: 312 1/s | - 200
Z N (slope of strain-time curve) |

0 v 1 : i 1 s - L 6-69 0
0 50 100
TIME (us)
80000 T L] L4 L] l L] L] L] ¥ l L L Ll 1 I L} L] L] L] l L] L] L] 1]

STRAIN FROM SHB EQUATIONS

STRAIN FROM STRAIN GAGES

llllllll'lllll]lllllllll

llllllllllllllllllllllll

30000 10 deg composite
Exp 00-20, Tensile split Hopkinson bar]
20000 _
10000 _
0 I L A 'l l Nl i L A j L 'l L 'l l L A 1 L ‘ i L [l 1 :
0.00 0.01 C.02 0.03 0.04 0.05

NORMAL STRAIN



80000 [

70000

60000 |

30000 F

NORMAL STRESS [psi]

Y T . . T T v —r0-62 1400
10 deg composite =
Exp 0021, \ T —
STRESS Tensile split Hopklnsgn bar 4 41200 o
. _ S~
-—
h | S
- Z - 1000
- EE ] LLl
STRAIN SHB EQUATIONS - -
_ 5 - 800 <
STRAIN RATE — 0.01 2 - %
(SHB EQS) - g 1600
" STRAIN GAGE A 7 x| Z
AVE. OF A&B 7 @) '<'f
STRAIN GAGE B 7 < - 400 Y
- =
STRAIN RATE: 274 1/s 7] 4200 ()
(slope of strain-time curve)
L . 6-06 0
100

50
TIME (us)

80000

70000

60000

Illlllllllll'll'l

lllllll

20000 |

-
o
o
o
o

NORMAL STRESS [psi]

1 T ) T T T T L ] ¥ T L ) T
| i I

STRAIN FROM SHB EQUATIONS

STRAIN FROM STRAIN GAGES
10 deg composite

Exp 00-21, Tensile split Hopkinson bar]

5l ] A l i bl A A l i A ] L I i -l L

L

Illl

0.01 0.02 0.03

NORMAL STRAIN

0.04



O 10000
pd

80000
70000

60000

30000

NORMAL STRESS [psi]

N

- ‘\. I 8-63 1400
- . —
. STRESS - 1200 L
X 10 deg composite -
- Exp 00-22, Tensile split Hopkinson bar ] = 4 1000 Sl
:_ — 0.02 5 i IFI_J
a ] = -
: _ 0 800 <
:_ STRAIN SHB EQUATIONS - é 1 m
X = -1 600
- STRAIN RATE . o Z
N (SHB EQS) —001 O ) -
:_ _ Z + 400 é
- —
[ - ~ 200 (f)
1 006 0
0 50 100
TIME (us)
1 L) l L L] l T L)

lllllllll'llll'llll'l"lIllll

2 L |

10 deg composite

EXP 00-22, Tensile split Hopkinson bar

osu

STRAIN FROM SHB EQUATIONS

I '] l A

'l

A

l'lllllllllllllllllllll

llllllll

0.01

0.02

0.03

NORMAL STRAIN



80000 T T 8-63 1400
.a : i p——
&70000 - . 41200 "0
X _ ~
—
60000 | . —
% . Z - 1000
. —0.02 <«
10d t < L
LLI 50000 |- Expg%g%r,n'?gz;ge split Hopkinson bar o -
o k- 800 <
= 40000 1 9
%) I o’
STRAIN SHB EQUATIONS S - 600
—1 30000 @ | Z
<C STRAIN RATE — 0.01 g <
- SHB EQS i
E 20000 F ( ) . 400 |D—:
O 10000 - 1200 D
prd .
0 A 6-06 0
0 50 100
TIME (us)
80000 L l T v L] L] l L] 1 L] Ll l L) T
:(_.7'; E 10 deg composite ]
o 70000 | EXP 00-23, Tensile split Hopkinson bar -
R : oSu .
) 60000 F STRAIN FROM SHB EQUATIONS -
7)) - ]
LLl 50000 F 3
IEE - :
40000 F -
7p ' ]
:EI 30000 [ s
= 20000 . .
Y : ]
O 10000 } :
Z : .
0 [ 'l l L L 1 'l I A L [l 'l l A i A [l
0.00 0.01 0.02 0.03 0.04

NORMAL STRAIN



rmrrrrrrrer | ML frverrrrrryy frvrryrryTry | N 003
r— n -
(7) 14000 45 deg composite
O B EXPO0O0-24, Static Test ~
“— 12000 | OSY STRAIN RATE: 4.7x105 1/s o .
(D (slope of strain-time curve) 1
% 0, Z
L] 10000 - STRESS - —0.02 5
n: | B i
j— 8000 | 1 (j
7)) - . <
_1 6000} - 2
< 5 — 0.01 O
E 4000 STRAIN GAGE A _ pd
m AVE OF A&B
STRAIN GAGE B 7
O 2000 -
prd .
O R EwEE TR PN Las o 4 1013 000
P i) 100 200 300 400 500
TIME [s]
20000 LJ L] 1 ¥ I 1 L) L 1 l L ) L] L T I ) 1 1 L) I L] L] L
(7) : 45 deg composite i
oY Exp 00-24, Static Test
_— i Strain Rate: 4.7x10% 1/s 1
B Oosu N
) 15000 + -
7)) :
v -
= 10000 .
n ]
< STRAIN IS AVERAGE OF GAGES A&B .
E 5000 ]
Z ]
0 1 1 ] i A 1 1 1 i ' 1 1 | i 1 i
0.00 0.01 0.02 . 0.03 0.04 0.05

NORMAL STRAIN



—
D 14000 - 45 geg composite STRAIN RATE: 5.1x1051/s ]
o EXPOO-25, Static Test (slope of strain-time curve)
— 12000 F °% -
n i
7)) z
Y 10000 | STRESS — 0.02 5
o [ 1 =
|— 8000 |- 1 @
n . <
_] 6000 | . =2
< — 001 O
E 4000 STRAIN GAGE A - <
0 AVE OF A&B
STRAIN GAGE B T
O 2000 i
2 _
0 o b s 0,00
_/Q/ 100 200 300 400 500
TIME [s]
20000 L] 1) L l L) 1 L L] l T L) 1 L) ' L] L ¥ ) l T 1 v L]
— - E
a i 45 deg composite )}
Q. Exp 00-25, Static Test
— i Strain Rate: 5.1x10% 1/s i
- osu 1
) 15000 |- -
I -
v 3
= 10000 .
n ]
- 1
<§E STRAIN IS AVERAGE OF GAGES A&B -
D: 5000 -
Z ]
0 L i l [l 'l L i l i 1 Jl L l 1 'l i A
0.00 0.01 0.02 0.03 0.104 0.05

NORMAL STRAIN



rTrrrrrrrrT ' rryrrrrrreTry l rrrrrrrrzet I TTrrrrrrry I f1T T Yrrrrr 0_03
— | -
(7) 14000 45 deg composite
o - EXP00-26, Static Test -
[ S— 12000 | Oosu STRAIN RATE: 4.75x105 1/s ] >
w (slope of strain-time curve) 7
L =
) - pa
LLI 10000 + STRESS — 0.02 E
R _ x
1d ~
l_ 8000 |- - - w
- |
n - . <§(
-] 6000 |- - £
< — 001 O
S 4000 F STRAIN GAGE A - Z
m | AVE OF A&B i
STRAIN GAGE B
O 2000} -
Z - i
0 %l L4 1 l AL L 4 2 4 1 43 I L ) ) &t 411 l i 41 4 2 4 1 113 | Ad_1 4 %t 4 4.1 OOO
D 100 200 300 400 500
TIME [s]
20000 L L] I L) ' | L) 1 L I T L] L) L] ' L) T v T
r— -
: (T) 45 deg composite
Q. Exp 00-26, Static Test
— Strain Rate: 4.75x105 1/s ]
OoSu ]
) 15000 |- -
7)) 1
% 3
= 10000 -
(/p ]
J :
< STRAIN IS AVERAGE OF GAGES A&B .
E 5000 -
5 |
Z ]
0 'l l ! 4 Al '] ' Il 'l '] L l A 1 A A
0. 0.01 0.02 0.03 0.04 0.05

NORMAL STRAIN



80000 -I lllllll l """""" ‘III'Y"'II""Y"'I‘ llllllll |l“"""l llllllll LA 0,02
- 10 deg composite STRAIN RATE: 1.4x10% 1/s -
70000 EXP00-27, Static Test (slope of strain-time curve)
L osu ]
60000 |
- - <
- STRESS
50000 [- ] &
; &
40000 | — 0.01
30000 E o é
C STRAIN-GAGE A
" __AVE OF A&B i (Z)

20000 r STRAIN GAGE B
10000
0.00
- 0 100 200 300 400 500 600 700
TIME [s]
80000 L) L] L L] ' ¥ L] ¥ 1 l T L] L] L] I T L{ T L} I L T T Ll

10 deg composite

Exp 00-27, Static Test
Strain Rate: 1.4x10% 1/s
Oosu

STRAIN IS AVERAGE OF GAGES A&B

llllllIIT'IIll]ll'llllllllllllllll

lllllllIlIllll'llll'llllllllllllljllll

0.00 0.01 0.02 0.03 0.04 0.05

NORMAL STRAIN

\



80000 "ll"'l"lIllllll']""""lll‘ll"’l'll‘l'l'l"[lll‘l'lll"lll"' 0.02
— : STRAIN RATE: 1.8x10° 17
L 10d i Xt 1S
8_ 70000 EXPS%_Z%TS&S,}LGTSS, (slope of strain-time curve)
[ S— F osuU N
) 60000 | B
N 3 1 £
LU 50000 F 4 o
o 1 E
40000 ~ 0.01
f— o ] . -
n ; - <§z
—l 30000 " STRAIN GAGE A 4
< - ’ AVE OF A&B _ %
E 20000 STRAIN GAGE B
o F i
O 10000 | i
prd
lll‘l"llIllllll‘l‘ll‘llllllllllIlll“lllllllllllllIlll“‘l‘llllll 0.00

0 100 200 300 400 500 600 700

TIME [s]

80000 L] L] L] T I L T L T l ¥ L] L] ] I 1 T ¥ L] l ] L ¥ ¥

10 deg composite

Exp 00-28, Static Test
Strain Rate: 1.8x10% 1/s
Oosu

70000

60000

STRAIN IS AVERAGE OF GAGES A&B

llllllllllllllllll'lllll'lllllllll

NORMAL STRESS [psi]

llllllllllllllllllllllllllllllllllllll

20000

10000
0 1 1 I i 1 i i 1 L | 1 i i i | i I\ 1 1 | A 1 1 'l
0.00 0.01 0.02 0.03 0.04 0.05

NORMAL STRAIN



80000 llllllllll"lllllll'III"'llll"!]l'lllIllIIIIIlll'IllI!I'll'T'T'llll 0,02
pr— -
‘o - , STRAIN RATE: 1.8x10°% 1/s
870000 :- é&ﬁﬁ%_‘;‘é’f’@;ﬁ}fhst (slope of strain-time curve)
Aeed " osu _
) 60000 |
7 R . 1z
|..U L RESS é
o 50000 F . o
- e
= 40000 | — Z
- - U. -
40000 | ’ 0.01
— 30000 | " STRAINGAGE A ] v
< [ AVE OF A&B . g
E 20000 :_ STRAIN GAGE B
T -
O 10000 F 1
Z -
0- llllllllllllljlllllll‘IIIllllllllllllllllllll'llllllllljjlllll‘ll 0'00
70 100 200 300 400 500 600 700

TIME [s]

80000 L] L L] T l L L L] L] ' LJ ¥ LJ v l LI L) L] L] I

-
-
o

10 deg composite

Exp 00-29, Static Test
Strain Rate: 1.8x10% 1/s
OoSsu

70000

60000

30000

STRAIN IS AVERAGE OF GAGES A&B
20000

llllllll'llll'lllllIlllllllllllll'

-—
(o]
o
o
o

NORMAL STRESS [psi]

llllllllllllllllllllllllll]llllllllllll

'l i 'l 'l ' '] L L A l i 3 1 A l 'l X Il i l A i

0.00 0.01 0.02 0.03 0.04 0.05

NORMAL STRAIN




| 1 8000 LOME S B SRS A RN S S | | L L S L A | L L L |

7] 0.03
o L
o — 45 deg composite, Static Test -
U 16000 |  EXP00-30 ]
Q. i oSu -
[ S— yd -
) 14000 - STRAIN RATE: 1.1 1/s P u
CO | {slope of strain-time curve) STRESS | Vs . >
12000 |- ' — 002
L - 17 &
O 10000 | . 5
= 0% ] 9
@ 000 - ] Z
-l i " STRAIN GAGE A ] o
<C 6000 |- AVERAGE OF GAGES A& —] 0.01 %
E i STRAIN GAGE B -
(f 4000 -
O 2000 3
pd ; .
O 1 i i | ] i 1 1 1 1 1 [ 4 | L 1 1 L 1 1 A A 1 OOO
0.00 0.01 0.02 0.03
TIME [s]
20000 T T T ] T T T T 1 T T T T T Y T T T 1 T T T T
pe— b P
(7') i 45 deg composite i
Q. EXP 00-30, Static Test i
—_— [ Strain Rate: 1.1 1/s
- Oosu N
) 15000 |- -
p) i ]
T -
F— 10000 .
7)) J
J :
< STRAIN IS AVERAGE OF GAGES A&B .
E 5000 -
Z ]
0 [l A J l L Al ] AL l Il 2 L L l i y A 1
0.00 0.01 0.02 0.03 0.04 0.05

NORMAL STRAIN



18000 —

16000 |-

—-— — —-—

o N H

Qo o [en]

o (=] (=]

o o o
)

8000 |-
6000 |-
4000

2000

NORMAL STRESS [psi]

20000

LN AR SN B AN B RN B LN B R LN I SR B B I AL B B T vt

45 deg composite, Static Test
EXP 00-31
osu

STRAIN RATE: 1.2 1/s
(slope of strain-time curve)

STRESS

STRAIN GAGE A

STRAIN GAGE B

PR B RS

AVERAGE OF GAGES A & B

ORI TR T N S | | U T W N U S

0.01 0.02

TIME [s]

L] L 0-03
- 0.02 Z
i [
] n
= |
7] <
] =
] o
— 001 O
. Z
1 0.00
0.03

15000

10000

n
o
o
o

NORMAL STRESS [psi]

45 deg composite

EXP 00-31, Static Test

Strain Rate: 1.2 1/s
osu

STRAIN IS AVERAGE OF GAGES A&B

0.01 0.02 0.03

NORMAL STRAIN

0.04



18000

L] LJ L] T 1 Ll T L) L] L] L] L] T L) L} 1 L T L] L] L L) L L] 1 L] L3 0‘03
H . l . l =
. (7) 16000 - ::i gegocgénposne. Static Test .
Q i osu 3
E;; 14000 + STRAIN RATE: 1.0 1/s h
(j) | (slope of strain-time curve) STRESS - pea
L 12000 - This specimen was loaded . 0.02 é
m [ accedently before the test - =
I‘_ 10000 - 7 )}
L -1 -
U o000 | ] <§f
- - ] 4
<C 6000 | y — 001 O
E 5 STRAIN GAGE A . P
D: 4000 AVERAGE OF GAGES A& B .
O i STRAIN GAGE B 7
2000 -
Z - —
0 ~ i 1 A | 1 1 [ L 1 i 1 1 1 i L 1 i i 1 1 1 i 1 OOO
0.00 0.01 0.02 0.03
TIME [s]
20000 T T T T T T Y T T 1 T T T T T T L L] T T T T T
- (7) | 45 deg composite i
A | EXP 00-32, Static Test )
_— Strain Rate: 1.0 1/s
(D i OSsu 1
15000 -
7p) i
v 3
— 10000 -
7p )
J :
< STRAIN IS AVERAGE OF GAGES A&B 1
= 5000 -
m This specimen was loaded .
O accedently before the test 1
Z ]
O L 'y L 1 l 1 ' i 1 | 1 i 1 l 1 L i 1
0.00 0.01 0.02 0.03 0.04. 0.05

NORMAL STRAIN

!



80000

ﬁ
o
o
o
o

20000

NORMAL STRESS [psi]

80000

]

hN
o 70000
[

(0)]
(o]
(o]
o
o

NORMAL STRES

0.

L] T L T L 1 L) L 1 I L T L] L L] 1 L] L ¥ l L] 1 1 1] L] L) T L] L 0.03
i 10 deg composite, Static Test 7
B (E))g; 00-33 STRESS 7]
[ STRAIN RATE: 0.61/s a
B (slope of strain-time curve) ~ =
i — 0.02 5
- J =
- U
— = -
7] <
1 2
- 7 -
7 — 0.01 O
N Z
i STRAIN GAGE A _
| AVERAGE OF GAGES A & B
STRAINGAGEB ]
I | | T 1 ' [ DR B | L 1 [ - J U U S | - 000
00 0.01 0.02 0.03
TIME [s]
T ¥ L] L I L] L] T 1 l L] T L] L I 1 T T l L] L)
i 10 deg composite J
- EXP 00-33, Static Test )
I Strain Rate: 0.61 1/s
Oosu 1
- -
i STRAIN IS AVERAGE OF GAGES A&B 1
'l i Il 'l ' A 'l i 1 I 1 L L Il l 'l i 'l | 'l i
00 0.01 0.02 0.03 0.04 0.05

NORMAL STRAIN



80000 —

70000 -

60000

B n
o o
Q o
o (=]
o o

I

30000

20000 -

NORMAL STRESS [psi]

lllllllll

10 deg composite, Static Test
EXP 00-34
osu

STRAIN RATE: 0.56/s
(slope of strain-time curve)

|||||||||

lllllllll

STRESS

\
\
lll\llllllllllllll

\
\t

STRAIN GAGE A

STRAIN GAGE B

lllllllll

L1l

AVERAGE OF GAGES A & B

0.03

0.02

0.01

NORMAL STRAIN

0.00

80000

\l

o

(o]

(o]

o
1

60000 |-

30000

NORMAL STRESS [psi

10 deg composite
EXP 00-34, Static Test
Strain Rate: 0.56 1/s

osu

STRAIN IS AVERAGE OF GAGES AS&B

1 L A l 'l 'l 1 A l A A Il ]

1 i ' A I 1 v

0.01 0.02

0.03

NORMAL STRAIN

0.04

0.05



80000

70000

NORMAL STRESS [psi]

80000

60000

20000

NORMAL STRESS [psi]

60000

20000

lllll

10 deg composite, Static Test
EXP 00-35

osu

STRAIN RATE: 0.56/s
(slope of strain-time curve)

/

IIIIIIIII

STRESS

!Illlllllllllllll

\
I \
|

STRAIN GAGE A

AVERAGE OF GAGES A &
STRAIN GAGE B

111111111

1 1Pt 111l

0.02

0.01

0.03

NORMAL STRAIN

0.00

70000

10 deg composite

EXP 00-35, Static Test
Strain Rate: 0.56 1/s
osu

STRAIN IS AVERAGE OF GAGES A&B

l 'l [ L -k l i A 1 'l l 'l 3 ] 1 l A A 'l

0.01 0.02 0.03 0.04

NORMAL STRAIN



50000 AN LR N AL S N S NN B B NN (N S AN Nt A RN D B S | ] G 4"5"_'_‘ 1400
— [ +-45 deg composite STRAIN SHB =014
7] [ EXP 00-36, EQUATION 3
o | Tensile split Hopkinson bar = 013 41200 7;
“— 40000 [ o012 | -
'9p) X STRESS = ~
n - 5 0.10 < LU
L - e =N T
oY 30000 N "~ STRAIN RATE 3 0.09 = | 800 =
= i (SHBEQS) 3 0.08 & <
N : Fo07 s00 o
__1 20000 |- 5 0.06 E Z
X /" STRAIN GAGE A E 4 —_
<C [ =005 O <
2 | STRAIN GAGE B o004 Z 4 400 o0
Y 10000 |- =003 —
@) A STRAIN RATE: 635 1/s <002 200 O
prd - (slope of strain-time curve) —= 0.01
0 ’ L /l i | 'l [ A 1 | i 1 i fl | A 1 1 Il l 1 i1 i E GGG 1 L O
0 50 100 150 200 250 300
TIME (us)
50000 e L
7)) [ ]
R [ STRAIN FROM ]
) 40000 - SrRAIN GAGES ]
U) - STRAIN FROM b
LLi 30000 k- SHB EQUATIONS \
—] 20000 - n
i +-45 deg composite ]
% 10000 EXP00-36, Tensile split Hopkinson bar j
pd ]

I | | | | 1 1 | | | | !

000 002 004 006 008 010 0.12

NORMAL STRAIN

0.14

1,



50000 rr+or | rvrrrr ooy v r vt vy C 1400
!%' i +-45 deg composite = 0.14 .
i EXP 00-37, 3
Q. k Tensile split Hopkinson bar 4 0.13 4 1200 '—U_)'
 Se— 3.4 S~
N 40000 - STRESS STRAIN SHB /,_g 0.12 ] -
LLl - STRAIN RATE” IE 0.10 < - L
(30000 | (SHB EQS) F009 - |qy0 k=
— [ o008 ® <
0N [ o007 2] 14
i 3. .. S-600
—1 20000 - 5006 g Z
< | JosG]
= [ _~ STRAIN GAGE A 5004 7 400
(Y- 10000 / = 0.03 —
@) [ “STRAINGAGEB STRAINRATE:5171/s — 0.02 200 ()
Z (slope of strain-time curve) _E 0.01
0 P W DS Ut X ] ' AL I | 1 A AL i A U S 1 E GUMU i O
0 50 100 150 200 250 300
TIME (us)
50000 T T T T T T T T T T T T T T ]
] [ ]
O [ STRAIN FROM ]
bmeed 40000 F STRAIN GAGES _
U) i STRAIN FROM 7
LIJ 30000 i SHB EQUATIONS _:
__] 20000 | -
+-45 deg composite ]
CCK) 10000 EXP00-37, Tensile split Hopkinson bar ]
Z ]
0 R NS N N RN DU SR NN N NN SR N B
0.00 0.02 0.04 006 008 0.10 012 0.14

NORMAL STRAIN




50000 r—y T rrerrrrr vy vy v v v Ty G,1’|5‘f_fﬁ 1400
%‘ I +-45 deg composite STRAINSHB -3 0.14 |
Q. [ Tensile split Hopkinson bar EQUATIONS’ "'g 013 41200 "¢’
U‘—)‘4oooo - STRESS 4012 | —
) ' FO0M z41000 T
3 - " STRAIN RATE ] 0.09
[ 300001 (SHBEQS) 3 0 t5 1 800 |<T:
- 5 = 0.08 o
N - Fa Foor 2] 04
“STRAIN GAGE A E .
1 20000 5006 2 Z
<L i =005 O
E [ /" STRAIN GAGE B 3 0.04 Z 4 400 é
0Z 10000 |- Ho03 I~
O [ STRAIN RATE: 604 15— 0.02 200 (/)
Z L ’ (slope of strain-time curve) _; 0.01 g
0 - 4/ ] | 1 i 1 L i 2 "R NE T it 1 1 4 S | 1 = CGC 1 A 0
0 50 100 150 200 250 300
TIME (us)
50000 T T T T T T T T | T T T
7)) i ]
o [ STRAIN FROM ]
— 40000 L STRAIN GAGES 7
U) i STRAIN FROM T
% 30000 k- SHB EQUATIONS b
_] 20000 [ u
+-45 deg composite _
% 10000 EXP00-38, Tensile split Hopkinson bar i
Z )
0 ] l L1 L1 1 ! I ] 1 I
0.00 0.02 0.04 0.06 0.08 | 0.10 0.12 0.14

NORMAL STRAIN



40000 L L] l T L] Al ' L] L) L) I L L] L] ‘ L T Ll I L] L L) — 0.07
= - .
(7p) +-45 deg composite .
o EXPO00-39, Static Test / — 0.06
bt osu STRAIN GAGE A, ~” STRAIN GAGEB ]
% 30000 Jo 05 z-
L STRESS 4 -~ é
=y
Y [ — 004 E
(lj_) 20000 - 3 .&l
o003 s
- - 14
< . o
— 0.02
E 10000 |- Z
e - .
O STRAIN RATE: 3.7x10* 1/s (elastic range) — 0.01
STRAIN RATE: 9x105 1/s (plastic range) .
Z L (slope of strain-time curve) —
0 L 1 L 1 1 1 1 'l 1 1 L L 1 ] i 1 i ] OOO
0 400 600 800 1000 1200
7
TIME [s]

40000 LI l T1rri I Trva ' LB ] I LELELERS l LI R l LERBLERJ l LB l LIRS I LB
r— - 4
(T) K +-45 deg composite i

Q. Exp 00-39, Static Test
— [ Strain Rate: 9.x10 1/s )
B OoSsu 7
) 30000 |- .
7 B -
Y 3
= 20000 -
w ]
- 1
< STRAIN IS FROM GAGEB A
E 10000 -
Z ]
0 i A 1l l LAi i 1 l LA 1 ) l L4 1 1 l I I .’l T | l AL A 1 l Ld i1 l L4l A1 1 l b4 2 1
0.00 0.01 0.02 0.03 0.04 005 0.06 007 0.08 0.09 0.10

NORMAL STRAIN



40000 e r T rrry v e l(’/l" rJ]vvyvrvrflrrreprprra » 007
| o | o g "
(7) L +-45 deg compqsite { ' 7]
O i EXP00-40, Static Test // ) — 0.06
— osu /STRAIN - ]
(D 30000 F STRAIN GAGE ~
) - STRESS 0.05
L [ 3
d [ — 0.04
('7) 20000 - .
[ — 0.03
< ]
S i — 0.02
Q: 10000 - ]
O - STRAIN RATE: 4.37x10% 1/s (elastic range) - 0.01
- 4 STRAIN RATE: 9.3x10° 1/s (plastic range) n
Z L // (slope of strain-time curve) -
O - A4 l L1 A ] TR | | ' | 0 1 l PR I | [ I | A J_ 4 —1 OOO

0 /200 400

/

600 800 1000 1200 1400 1600

TIME [s]

NORMAL STRAIN

40000 LB L ' LERLERLERJ l LB B l LB l LB B l LI N B ) I T 1T77y I T 1V 17 l LB ) l r7Tvy
ro— - -
C-B | +-45 deg composite |

o Exp 00-40, Static Test

— i Strain Rate: 9.3x10° 1/s )
B osu 7

) 30000 | -

0 -

LU i ]

E i ]

20000 |- -
7)) I ]
— [ Z
< B STRAIN IS FROM GAGE A -
2 10000 -
5 '
Z ]

0 I l LA 41 1 I Li 1 1 l [ | ‘ P | l LA 4 1 ] | ' | ] l L1 1.1 l Lt 1 1
0.00 0.01 0.02 003 004 005 0.06 0.07 0.08 0.09 0.10

NORMAL STRAIN



40000 l||l""|lllllllllllIl1IlllllIlllTIl'lll'Il'llllll'l/‘/l""lll'l]‘llll'llllll'llt 0,08
— +-45 deg composite, Static Test , E
2 EXP 00-41 ' STRESS S
— 'STRAIN GAGE B =
) 30000 |- / —= 0.06
9P = Z
LLl = 0.05 &
2 E b
- [ 2 004
£ 20000 - / 5004
[ //STRAIN GAGE A = =
- =003 &
< / = o)
= o000 | 002 2
10000 - STRAIN RATE: 2.0/s 5002
DC i (slope of strain-time curve) =
O i = 0.01
Z - =
0 9 0.00
0.00 0.071/ 0.02 003 004 005 006 0.07 0.08
TIME [s]
40000 TV I LERLELEL! ] +1ryva I LRSS l LA BB ' LB LA I LB I LR AL l LI B l LER L
pu— i iy
n - .
O - i
[ == R o
) 30000 | i
I -
W ﬂ
= 20000 ” +-45 deg composite 7
(7)) i EXP 0041, Static Test .
5 Strain Rate: 2 1/s g
é [ osu 1
s - STRAIN IS FROM GAGE B
m 10000 -
Z l
0 L4 1 4 l LA A 1 "l L1l ) 1 l LA i1 I L4 0 i l LA A1 l 1A 1 1 l Ad i1 l LA 4 1 l .

0.00 0.01 002 003 004 0.05 0.06 007 0.08 0.09 0.10

NORMAL STRAIN



K
Ve
/

NORMAL STRAIN

40000 TIllll'l"'ll"""ll'lll'llll'l'l'lll|l"‘l'l‘lllT‘l|l,}/]l'l‘l'l'l‘l‘l'l'l'l = 0,09
= [ +-45 deg composite, Static Test STRESS 3
/2] i EXP 00-42 —= 0.08
o} - osu E
[ S— | =
¢) 30000 |- 007
(L{J) _ S 0.06
P_: 20000 - STRAIN GAGE B —g 0.05
n ' 3 0.04
1 - 3
<§( i 5 0.03
10000 - STRAIN RATE: 2.1/ E
OC - (slope of strain-timescurve) = 0.02
CZ) i < 001
0 L 3 0.00
0.00 OO 0.02 0.03 0.04 0.05 0.06 0.07 0.08
TIME [s]
40000 L O B 2L I vy l LA B l L L B L I L LB} I LR BLINA ] l LIRS I ¢ F F ¥ l rrria l L L L)
7)) - i
o . ]
el L o
(/) 30000 | -
B -
¢ 3
= 20000 - +-45 deg composite .
0p) ! EXP 0042, Static Test ]
N Strain Rate: 2.1 1/s .
zl:.l I osu ]
s - STRAIN IS FROM GAGE A -
10000 a
- -
Z ]
0 A 0.1 4 I 1. 111 l L1 1 l 4 1 ljJ L0 i1 l [ I | I L1 11 l L1 11 I L1 41 I Il ’ 1 4
0.00 001 0.02 0.03 004 0.05 0.06 0.07 0.08 0.09 0.10

NORMAL STRAIN

g



